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Abstract
In this study, we have evaluated the role of cytokine-induced neutrophil chemoattractant (CINC), in the upregulation of
neutrophil Ca2 signaling in neutrophils from thermally injured rats treated with anti-CINC antibody. Additionally, we have
determined the effect of the treatment with CINC antibody on the accumulation of activated neutrophils in the intestinal
wall, and the effect of such accumulation on gut bacterial translocation. Measurements of myeloperoxidase (MPO) activity
and immunohistochemical localization of neutrophils determined neutrophil sequestration in the rat intestine. Agar culture
analyses and a specific Escherichia coli L-galactosidase gene polymerase chain reaction was carried out to detect gut
indigenous bacterial invasion into intestinal wall and extraintestinal mesenteric lymph nodes (MLN). The results showed that
pretreatment of rats with anti-CINC antibody attenuated the thermal injury-induced enhancement in [Ca2]i responses in
neutrophils both in the basal and Formyl-Met-Leu-Phe stimulated conditions. Moreover, treatment with the CINC antibody
decreased neutrophil infiltration into the gut and attenuated thermal injury-caused translocation of bacteria into the
MLN. ß 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Cytokine-induced neutrophil chemoattractant
(CINC), which is structurally and functionally re-
lated to human interleukin-8 (IL-8), has been shown
to be a potent chemotactic factor for rat neutrophils
both in vitro and in vivo [1,2]. Exposure of circulat-
ing neutrophils to CINC, which is produced by en-
dothelial cells, apparently plays a key role in their
conversion into ¢rmly adherent, activated cell [3].
CINC is speci¢c for PMN (polymorphonuclear neu-
trophils) activation by virtue of its N-terminal Glu-
Leu-Arg (ELR) peptide motif [4]. CINC is both se-
creted into the circulation and presented to circulat-
ing PMNs on the endothelial cell surface proteogly-
cans [3,5]. CINC can stimulate neutrophils to
produce superoxide radical (O32 ) via activating the
Ca2-linked signaling pathway [6]. Although pre-
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vious studies have shown both a systemic release of
CINC [7,8], and an upregulation of Ca2-linked sig-
naling in circulating neutrophils subsequent to burn
injury [9], it is not known whether the burn-related
neutrophil Ca2 upregulation is mediated by CINC.
An important role of the intestinal mucosa is to
act as a barrier to prevent the invasion and systemic
spread of microorganisms that normally reside with-
in the gut lumen. Under certain conditions, however,
such bacteria and their products such as endotoxins
can cross this mucosal barrier and spread to the
mesenteric lymph nodes (MLNs) and beyond into
the systemic organs [10,11]. The translocation of bac-
teria has been considered as one of the potential
causes of systemic infections and multiple organ fail-
ure in seriously ill patients [12,13]. Acute injury con-
ditions that may cause the translocation of bacteria
from the gastrointestinal tract include thermal injury
[14,15]. Such bacterial translocation (BT) may be
caused by intestinal accumulation of neutrophils
which produce excess quantities of O32 radicals and
thereby in£ict an oxidative tissue damage in the in-
testine.
This study evaluated the e¡ect of anti-CINC anti-
body on neutrophil Ca2 signal upregulation occur-
ring during burn injury and examined the e¡ect of
subsequent neutrophil accumulation within intestinal
wall on intestinal bacterial translocation. The mea-
surements of intestinal tissue myeloperoxidase activ-
ities and immunohistochemical localization of neu-
trophil in the gut ascertained total tissue
accumulation of neutrophils. Bacterial translocation
was evaluated by carrying out culture assays and by
determining Escherichia coli DNA in the intestinal
mucosal tissue and mesenteric lymph nodes.
2. Materials and methods
2.1. Animals
Adult male Sprague^Dawley rats weighing 250^
275 g were obtained from Harlan (Indianapolis,
IN). The rats were acclimatized in the animal quar-
ters for 3 days before their use. The care of animals
was in accordance with the guidelines set forth by
Loyola University Chicago Medical Center Animal
Care and Use Committee.
2.2. Scald injury protocol
The animals were anesthetized with an intraperito-
neal injection of sodium pentobarbital, 45 mg/kg
body weight. The hair on the animals’ backs was
clipped o¡. The animals were then placed in a supine
position in a plastic template that exposed 30% of
the total body surface area. In the sham group the
exposed backs were immersed for 10 s in a room
temperature waterbath. In the thermal injury group
rats, full-thickness skin scalds were in£icted by im-
mersing the back of the animal to 95‡C (203‡F)
water for 10 s. Rats were quickly dried after the
exposure to hot water to avoid an additional injury.
The animals in each group were resuscitated with 10
ml of normal saline intraperitoneally (i.p.). The ani-
mals were housed in cages after burn injury and
killed at 24 h postburn, after the animals were anes-
thetized (45 mg/kg) and exsanguinated through a
cardiac puncture. Portions of ileal segments (2^3
cm) were then resected and stored in bu¡ered ¢xa-
tives.
2.3. Anti-CINC antibody
In the present experiments rats were injected with
1 mg of anti-CINC antibody in 1 ml of normal saline
2 h before subjecting them to the thermal injury. This
dose was chosen on the basis of a previous study
[16]. The goat anti-CINC polyclonal antibody was
prepared and puri¢ed as described [17]. Brie£y, the
antibody is highly speci¢c towards CINC in enzyme-
linked immunosorbent assays. Under in vitro condi-
tions it can detect less than 50 pg CINC coated on
plates but shows no reactivity against 1 Wg of CINC2
and MIP2. In in vitro chemotaxis blocking assays,
the antibody will inhibit the activities of the latter
two proteins, but a 30^100-fold higher amount of
antibody is required relative to CINC [18]. The
anti-CINC antibody is a polyclonal antibody, and
the chemokines, CINC, CINC2 and MIP2 share ho-
mologous sequences. Thus it is quite likely that the
antibody cross-reacts with all three chemokines in
vivo.
2.4. Measurement of intracellular calcium £ux
The measurements of [Ca2]i were performed using
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methods described previously [9,19]. Brie£y, cells
were loaded with 2 WM Fura-2/AM (Molecular
Probes, OR) for 1 h at room temperature. The un-
bound Fura-2 was washed using HBSS. Fura-2-
loaded cells were transferred to a £uorometer cuv-
ette. Fluorescence signals were recorded using Hita-
chi spectro£uorometer (model F-2000) at excitation
wavelengths of 340 and 380 nm, and the emission at
540 nm. The cells were stimulated with fmlp (Form-
yl-Met-Leu-Phe), a known chemotactic peptide for
PMN, after 90^100 s of the initial response (basal).
A peak elevation in [Ca2]i occurred immediately
after the addition of fmlp. This peak elevation in
[Ca2]i was taken as the fmlp-induced elevation
and was used for calcium analysis.
2.5. Myeloperoxidase determinations
Ileal tissue samples from burn, and sham control
rats were collected at day 1 postinjury. The tissues
were washed and homogenized, using Brinkman tis-
sue homogenizer for 20 s on ice in potassium phos-
phate bu¡er (pH, 7.4) containing 2 mM PMSF. The
homogenate was centrifuged at 10 000 rpm for 30
min at 4‡C. The pellet (90% of the total (MPO) ac-
tivity), was homogenized in 10 volumes of ice-cold 50
mM potassium phosphate bu¡er (pH 6.0) containing
0.5% hexadecyltrimethyl-ammonium bromide and 10
mM EDTA. MPO activity was determined using a
method in which the enzyme catalyzes the oxidation
of 3,3P,5,5P-tetramethylbenzidine by hydrogen perox-
ide. An aliquot of standard recombinant human
MPO (0^0.125 U) or samples homogenate was added
to 0.5 ml MPO cocktail (80 mM potassium phos-
phate bu¡er (pH 5.4); 0.5% (w/v) hexadecyltrimeth-
yl-ammonium bromide; and 1.6 mM 3,3P,5,5P-tetra-
methylbenzidine). The mixtures of samples with the
MPO cocktail were placed at 37‡C and the reaction
was started by addition of 0.3 mM hydrogen perox-
ide. The samples were incubated for 3 min, and the
reaction was stopped with 1 ml of chilled acetate
bu¡er. The intensity of the blue chromogen of the
reaction mixture (1 ml) that possessed a wavelength
maximum at 655 nm was read. The number of units
of MPO in the tissue homogenate was calculated
from the plot of the standard MPO units vs. absorp-
tion. The MPO activity was recorded as number of
units per mg of protein. Protein determination in the
¢nal homogenate was estimated by BCA protein re-
agent method (Pierce Chemical, Rockford, IL) using
bovine serum albumin (BSA) as a standard. All other
reagents were purchased from Sigma (St. Louis,
MO).
2.6. Immunohistochemical staining
Intact ileal rings V1 cm long were frozen in liquid
nitrogen and ¢xed in tissue freezing medium (Trian-
gle Biomedical, Durham, NC). Transverse intestinal
sections were then cut in a cryostat at 10 Wm thick-
ness and mounted on slides. We used a minimum of
three ileal segments from each rat from all control
and experimental groups. All subsequent procedures
were carried out at room temperature using Vectas-
tain ABC kit (Elite PK-6101 rabbit IgG) and other
reagents purchased from Vector (Vector Laborato-
ries, Burlingame, CA). Nonspeci¢c protein-binding
sites were blocked during a 30-min incubation of
tissue sections with goat antiserum. The sections
were then incubated for 60 min with the primary
antibody, rabbit anti-rat PMN antibody (1:100 dilu-
tion) cat. no. A51140, Accurate Chemical and Scien-
ti¢c, Westbury, NY, washed three times with phos-
phate-bu¡ered saline (BSA free), and incubated for
30 min with biotinylated secondary goat anti-rabbit
antibody. After washing and endogenous peroxidase
quenching with 0.3% hydrogen peroxide in phos-
phate-bu¡ered saline for 15 min, slides were rinsed
again and incubated with ABC reagent for 30 min.
The slides were washed and immunoperoxidase stain-
ing was performed using the chromogen. Finally, the
slides were rinsed in water, counterstained for 30 s
with Gill’s No. 2 hematoxylin, and mounted. The
sections were examined and photographed under
Zeiss Axioscope.
2.7. Agar cultures
The anesthetized animals were prepared with 70%
alcohol, and aseptic techniques were used to remove
MLN, Peyer’s patches and Peyer’s patches-free intes-
tine. The organs were washed, weighed and homog-
enized in sterile glass tissue grinders (Fisher Scien-
ti¢c, Norcross, GA). Portions (0.2 ml) were then
cultured on Tryptic soy agar (Difco, Detroit, MI)
and incubated for 24^48 h at 37‡C for the presence
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of bacteria. The results indicated positive growth
without quanti¢cation vs. any growth. The incidence
of BT was calculated by determining number of rats
with positive bacterial culture/total number of rats
studied.
2.8. Detection of E. coli L-galactosidase DNA
DNA from MLN, PP and intestinal tissues were
obtained using Column puri¢cation method as de-
scribed by Qiagen DNEasy kit (Qiagen, La Jolla,
CA). DNA extracts were then analyzed using the
polymerase chain reaction (PCR). Oligonucleotide
primers designated BG-1 and BG-4 are derived
from an area of the L-galactosidase gene of E. coli
(lacZ gene) that is speci¢c for E. coli but not for
most other Gram-negative bacteria [20]. BG-1 (5P
CTT TGC CTG GTT TCC GGC ACC AGA A-
3P) and BG-4 (5P ACC CAC CGC ACG ATA
GAG ATT CGG G-3P) are located at nucleotides
201^225 and 939^963, respectively, from the coding
strand. To 10 Wl of extracted DNA, 90 Wl of reaction
mixture was added and included the following;
GeneAmp PCR core reagents (Perkin^Elmer, Roche
Molecular Systems, Branchburg, NJ); Master Mix:
25 mM MgCl2 ; 1UPCR Bu¡er II (10 mM Tris^HCl
(pH 8.3), 50 mM KCl); 2 units of AmpliTaq DNA
polymerase 200 WM each dATP, dCTP, dGTP, and
dTTP; and 1.0 WM each primer BG-1 and BG-4
(synthesized by Loyola University Chicago Core
DNA Facility). Each reaction mixture (total volume
100 Wl) was overlaid in a GeneAmp 2400 PCR sys-
tem (Perkin^Elmer) programmed to an initial cycle
of 95‡C/3 min, 60‡C/45 s, and 72‡C/2 min for one
cycle, followed by 35 cycles of 95‡C/45 s, 60‡C/45 s,
72‡C/1 min, and an extension period of 72‡C/10 min.
Each time a PCR reaction was set up, a positive
control (bacterial DNA), negative control (mouse
or human DNA), and reagent control (all PCR re-
agents without DNA) were run to evaluate success of
ampli¢cation, speci¢city of reaction, and purity of
reagents, respectively.
2.9. Statistical analysis
Student’s t-test was used to analyze the data in the
experiments.
3. Results
The basal [Ca2]i in neutrophils from burn rats
(139 þ 12 nM, mean þ S.E.) was signi¢cantly
(P6 0.05) greater than that in the sham group
(100 þ 9) (Fig. 1). The elevation in [Ca2]i above
the basal value in response to fmlp was also greater
in the burn rat group than the elevation in sham rats
(Fig. 1). The pretreatment of rats with anti-CINC
antibody resulted in basal [Ca2]i (108 þ 7), which
was signi¢cantly di¡erent from the values in the un-
treated burn rats, but not signi¢cantly di¡erent from
the sham group values. The pretreatment with anti-
CINC also caused a signi¢cant (P6 0.05) attenua-
tion of the fmlp mediated [Ca2]i response relative
to the response in the untreated burn rat group.
After fmlp stimulation, [Ca2]i value increased to
302 þ 6 in the sham, 472 þ 20 in the burn, and
360 þ 30 in anti-CINC pretreated group. Although
anti-CINC treatment of the animals attenuated the
burn caused increase in basal [Ca2]i to the level
found in the sham group, the fmlp mediated increase
in [Ca2]i remained 20% higher than that observed in
the sham group.
Fig. 1. Basal [Ca2]i and its response to fmlp in neutrophils
harvested from sham, burn and anti-CINC antibody-treated
burn rats (anti-CINC). Bar graphs represent mean ( þ S.E.) val-
ues from ten animals in each of the control and experimental
groups. *P6 0.05.
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Intestinal tissue myeloperoxidase (MPO) activity
measurements (Fig. 2), and immunohistochemical
neutrophil localization within the intestinal wall
(Fig. 3) reinforced the role of CINC in the in¢ltra-
tion of neutrophils into the intestine after burn in-
jury. The substantial accumulation of neutrophils in
the intestine of the burn-injured animals was com-
pletely prevented in the burn rats pretreated with the
anti-CINC antibody (Figs. 2 and 3).
Our results also indicate that blocking endogenous
CINC by the anti-CINC antibody prevented burn-
induced translocation of bacteria. As is apparent in
Table 1, burn injury caused enhanced translocation
of bacteria into the mucosal tissue, Peyer’s patches
(PP) and into the mesenteric lymph nodes (MLNs) of
day 1 untreated burn rats. Sham rats did not show
any signi¢cant bacterial translocation into the PP-
free intestinal tissue, the PP, or the MLN. When
the animals were treated with the anti-CINC anti-
body prior to subjecting them to burn injury, BT
in the MLN was completely blocked in 70% of ani-
mals. Blockade of BT into PP was minimal (8/10 in
Table 1
Incidence of translocation of indigenous intestinal bacteria into
intestinal and extraintestinal tissue sites
Sham Burn Anti-CINCa
INT 1/10b 8/10 7/10
PP 1/10 8/10 6/10
MLN 0/10 10/10 3/10
INT, Peyer’s patch-free intestinal homogenates; PP, Peyer’s
patches; MLN, mesenteric lymph nodes. 24^48-h cultures were
examined for the presence of bacterial growth.
aAnti-CINC antibody-treated burn rats.
bNumber of rats with positive bacterial culture/total number of
rats studied.
Fig. 3. Immunohistochemical determination of presence or absence of granulocytes in intestine. The immunoreactivity in clusters of
polymorphonuclear granulocytes is seen in the rat intestinal. The lamina propria in the intestines of sham control rats and anti-CINC
antibody-treated burn rats is devoid of the immunoreactivity.
Fig. 2. Myeloperoxidase (MPO) activity in intestinal tissue sam-
ples from sham, burn and anti-CINC antibody-treated burn
rats. Bar graphs represent mean ( þ S.E.) values from ten ani-
mals in each of the control and experimental groups. *P6 0.05.
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control vs. 6/10 in anti-CINC treated), and there was
not a demonstrable change in BT in the PP-free in-
testine (8/10 in control vs. 7/10) (Table 1). Employing
PCR ampli¢cation of the E. coli L-galactosidase
DNA supported the results of assessment of BT via
bacterial cultures. A representative photomicrograph
of blots showing qualitative presence of E. coli L-
galactosidase in the intestinal PP-free tissue homoge-
nate, PPs and MLN is shown in Fig. 4A. Fig. 4B
shows the results of densitometric analysis of the
blot. The blot photomicrograph and the results of
densitometric analyses, show that burn injury caused
increases in E. coli accumulation in the MLN, PP,
and PP-free intestinal tissue. The increase was abol-
ished to a greater degree in MLN than in PP by
pretreatment of burn rats with the anti-CINC anti-
body. However, there was no apparent e¡ect on BT
in the intestinal tissue.
4. Discussion
Our present data demonstrate that CINC is in-
volved in the activation of circulating neutrophils
and in their subsequent in¢ltration into the intestinal
wall in burn-injured rats. Furthermore, we have ob-
served that blockade of the CINC mediated neutro-
phil in¢ltration could e¡ectively attenuate the burn-
induced BT. Cytokine-induced neutrophil chemoat-
tractant (CINC) antibody has been shown to be a
potent blocker of neutrophil activation and chemo-
taxis [1,2,4], and thereby could also block neutrophil-
mediated host tissue functional disturbances in the
early stages of burn injury. Our previous studies in-
dicated that hyperactivation of circulating neutro-
phils after burn is marked by upregulated O32 pro-
duction and Ca2^PKC signaling, and that such
upregulation could be blocked by treating burn rats
with the Ca2 antagonist diltiazem [9]. Moreover, we
found that a prior depletion of neutrophils from the
burn-injured rats prevented intestinal tissue dysfunc-
tion such as bacterial translocation [28]. It is well
known that circulating neutrophils are in a hyper-
active state in the early periods after burn [21]. In
a previous study, we showed that such an activation
of circulating neutrophils is accompanied by an en-
hanced expression of NADPH oxidase component
i.e., p47phox and p67phox [22]. Neutrophil obtained
from injured rats during the early postburn periods
also have an enhanced capability of producing super-
oxide anions as compared to the neutrophils from
sham control [23].
CINC appears to contribute both to the activation
of neutrophils in circulation and their in¢ltration
into the intestinal wall after the burn. The CINC-
related activation of circulating neutrophils was evi-
dent from the e¡ect of anti-CINC on burn-induced
upregulation of neutrophil Ca2 signaling which has
been shown to lead to their enhanced ability to pro-
duce superoxide free radicals after burn injury [9].
An increase in intracellular [Ca2]i is known to pre-
cede neutrophil O32 generation and degranulation
[24^26]. Previous studies showed that chemotactic
signals upregulate neutrophil NADPH oxidase activ-
ity via modulations of [Ca2]i-dependent signaling
pathways [27]. In this study, the assessment of
[Ca2]i in neutrophils served as a marker of neutro-
phil activation. While the upregulation of basal
[Ca2]i level in neutrophil from burn rats day 1 post-
burn indicates endogenous activation by agonists
present in the circulation of burn-injured rats, the
increase in fmlp-stimulated [Ca2]i response corre-
sponds with an enhanced responsiveness of Ca2 sig-
naling during early burn in£ammatory phase. While
our previous studies showed that the burn-induced
enhanced Ca2 signaling in circulating neutrophils
Fig. 4. (A) PCR ampli¢cation of E. coli L-galactosidase DNA.
Blots are arranged left to right to show qualitative presence or
absence of E. coli L-galactosidase in sham, burn, and anti-
CINC antibody-treated burn rats’ mesenteric lymph nodes
(MLNs), Peyer’s patches (PP) and PP-free intestinal homoge-
nates (INT). (B) Densitometric analyses (arbitrary units) of the
blots shown in A.
BBADIS 61996 29-11-00 Cyaan Magenta Geel Zwart
N. Fazal et al. / Biochimica et Biophysica Acta 1535 (2000) 50^59 55
was responsible for the increased O32 production [9],
this study indicates that the neutrophil Ca2 signal-
ing upregulation after burn also plays a role in their
in¢ltration into the intestinal tissue because such in-
¢ltration as well as Ca2 signaling upregulation were
abrogated by abolishing endogenous neutrophil acti-
vation via CINC. Moreover, whereas the previous
studies had shown that burn-induced accumulation
of activated neutrophils in the intestinal tissue was
responsible for an increase in gut bacterial transloca-
tion [28], this study presents evidence that both the
intestinal accumulation of neutrophils and the occur-
rence of bacterial translocation after burn resulted
from CINC-mediated neutrophil Ca2 signaling up-
regulation.
The in vivo activation of neutrophils by CINC in
burn-injured rats can presumably be modulated by
other agonists, tumor necrosis factor (TNF-K), com-
plement factor-5a (C5a), interleukin-1 (IL-1), leuko-
triene-B4 (LTB4) and platelet-activating factor
(PAF), which are known to be released following
burn injury [29,30]. A recent in vitro study [31] has
indicated that a sequential activation of neutrophils
¢rst by ligands acting on the CXCR2 receptors (such
as CINC, CINC2 and MIP2 in the rat [4,16^18]) and
then by C5a or PAF leads to a modulation of the
neutrophil transendothelial migration response.
Whereas C5a caused a downregulation of the neutro-
phil responses to CXCR2 activation, PAF caused its
upregulation. Because in the present study, we found
anti-CINC antibody, which plays a part in the neu-
tralization of the CXCR2 ligands [31], to prevent a
burn-induced upregulation of neutrophil migration
into the intestinal tissue, it is plausible that the anti-
body treatment abrogated an in vivo potentiation by
PAF of the CINC e¡ect on the neutrophil migration.
Antibody against CINC has been previously shown
to be e⁄cacious in several models of in£ammation,
supporting that CINC is an important proin£amma-
tory mediator in vivo [4,16,18]. Anti-CINC antibody
has also been shown to inhibit neutrophil in¢ltration
in immune complex-induced glomerulonephritis [16].
The toxic e¡ects of in¢ltrating polymorphonuclear
leukocytes after ischemia/reperfusion injury have
been shown to be due to PMN and endothelial cell
interactions [32]. A recent study indicated that the
hydroxyl radical scavengers had a protective e¡ect
on the burn-induced microvascular injury [33]. The
increased endothelial tissue damage after burn has
been considered to result from the actions of
PMN-derived reactive oxygen species [34]. Our re-
sults are consistent with the recent observations
showing CINC blockage prevented the ischemia/re-
perfusion injury and acute in£ammation caused by
neutrophil in¢ltration into various organs e.g., lung
[35], heart [36], and gut [37]. Pretreatment with anti-
CINC monoclonal antibodies (mAbs) attenuated is-
chemia/reperfusion injury in the small intestine in
association with a reduction in the release of tumor
necrosis factor and MPO production, and a prolon-
gation of neutrophil survival [38]. Similarly, anti-
CINC antiserum abrogated E. coli endotoxin-in-
duced in¢ltration of neutrophil in liver [39], and an
acute in£ammation caused by intratracheal injection
of synthetic CINC [40]. Moreover, anti-IL-8 mAb is
also known to prevent lung reperfusion injury [41].
A physical disruption of the mucosal barrier has
been considered as a factor responsible for the pro-
motion of bacterial translocation [42]. Our recent
studies have shown that neutrophils could adversely
a¡ect vascular endothelial barrier and contribute to
bacterial translocation without causing gross physical
disruption of the mucosal barrier [28]. Such a subtle
impairment of the endothelial barrier function caus-
ing BT after burn injury is given some support by the
¢nding that burn injury, while causing microvascular
hyperpermeability to albumin, also causes an en-
hancement of intestinal solute permeability through
the mucosal paracellular junctions [43]. Although the
increased paracellular junctional tra⁄cking does not
directly point to the passage of particulate matter of
the size of bacteria or their product, it does suggest a
compromise of mucosal barrier function that could
promote gut bacterial translocation under burn in-
jury conditions. Our observation of absence of bac-
teria or bacterial DNA in Peyer’s patches may be
explained either by their translocation primarily
through the paracellular routes or a rapid transit
through the PP into mesenteric lymph nodes such
that bacterial accumulation is not easily demon-
strated in Peyer’s patches. However, we have not
evaluated any of these mechanisms. Like the inciden-
ces of increased microvascular endothelial permeabil-
ity and bacterial translocation in the bowel after
burn, the burn-related mucosal solute hyperperme-
ability was also prevented in the neutrophil-depleted
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burn-injured rats [44,45]. A number of previous stud-
ies also support that neutrophils contribute to gut
tissue damage during ischemia/reperfusion injury
[37,38]; the ischemia/reperfusion injury has been
shown to be ameliorated via blockade of neutrophils
by means of the neutrophil antiserum [39^41].
An enhanced expression of IL-1 and TNF-K has
been reported in endotoxic rat [46] ; such proin£am-
matory cytokines have been shown to stimulate
CINC production by endothelial cells in vitro and
in vivo [47,48]. It is therefore conceivable that these
cytokines may be the stimuli for CINC expression
under burn injury conditions. This possibility is
also supported by the observation that an anti-
CINC antibody can block IL-1-induced in£amma-
tion in lung [47]. Alternatively, burn injury may di-
rectly induce an increase in the binding of the regu-
latory transcription factor nuclear factor NF-UB to
the motif of the promoter region of the CINC gene
[49,50]. However, IL-1 and TNF-K can also induce
nuclear factor-kappa B (NF-UB), and it is likely that
both direct and indirect mechanisms may be involved
in the upregulation of CINC expression after thermal
injury. CINC itself, like fmlp and C5a, can increase
the expression of CD11b/CD18 (Mac1) integrin on
rat neutrophil [51], and thereby promote their adher-
ence to endothelial cells causing damage to the en-
dothelium [31].
We conclude that CINC produced subsequent to
burn injury has a direct role in activating the Ca2-
linked signaling pathway in neutrophils, and that
blockade of CINC-mediated upregulation of neutro-
phil Ca2 signaling could e¡ectively attenuate the
in£ux of activated neutrophils into intestinal wall.
Finally, our studies support the concept that preven-
tion of in£ux of CINC activated neutrophils into the
intestine attenuates burn-induced gut translocation
of bacteria.
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